The use of synchroton radiation combined with TPEPICO experiments to study the photoionization dynamics of molecules at Orsay's synchroton radiation facility is discussed. The initial state preparation by Threshold Photoelectron Spectroscopy and final state-mass and internal energy spectroscopy by time of flight analysis of photoelectrons as well as ions in coincidence with threshold electrons is illustrated by the TPES of HCI, the TOF TPES of 02 and the TPEPICO spectra of NO fragments from the decay of state selected N20 ions.
I. INTRODUCTION
Synchroton radiation has been used in Orsay since 1975 to study molecular photoionization: direct versus autoionization processes, the unimolecular decay of vibronically excited ions and the reactivity of state selected ions. For such studies, synchrotron radiation from electron (ACO) or positron (Super ACO) storage rings present a great advantage over conventional laboratory VUV light sources in that it produces a broad continuum extending over the whole spectroscopic domain allowing rotational, vibrational and electronic excitation from valence to K shell electrons. These sources associated with normal incidence VUV monochromators equipped with holographic gratings of 1 or 3 rn radius yield tunable monochromatic light with a resolution of about 1 meV i.e. 10 cm -1 in the first order with little overlap from higher order light. These machines operating with either one or two electron bunch provide short pulses of light 1.5 We will in this paper discuss how high resolution TOF PES can be used to study the fundamental aspects of photoionization direct and autoionization processes and how detailed informations on the dissociation of mechanisms polyatomic ions can be obtained from TPEPICO spectra.
II. THE TPEPICO METHOD
To study state selected fragmentation of ions the coincidence method exploits the unique property of time and energy correlation between the ejected photoelectron and the corresponding ion. The TPEPICO experiment uses time of flight analysis of both the electron and the ion.
The TPES is based on the angular discrimination of low energy electrons accelerated by a low electrostatic field of about 1 V/cm produced when photon energy is scanned over the ion spectrum. The early methods did not provide perfect discrimination against fast electrons ejected along the field axis. [1] [2] [3] Time of flight analysis of the electrons made possible with the pulsed synchrotron radiation sources allows the suppression of these unwanted electrons. The method provides a standard resolution of about 10 meV. 4 Lately a resolution of 4 meV was obtained. 5 To record TPEPICO spectra an ion extraction pulse of about 60 V/cm is triggered by the threshold electron signal. The coincident ion is post accelerated by a 175 V/cm DC field and fly in the field free 14 cm long region before reaching the detector. The coincident ion time of flight is thus measured with respect to that of the threshold electron. Metastable ions which dissociate in flight in any of the to acceleration regions arrive at the detector in a longer time so that analysis of the peak shape gives the ion lifetime. The limit of sensitivity is r 200 ns with the present set up. 6 III. THE HC1 TPES" DIRECT IONIZATION, SPIN-ORBIT AND ROTATIONAL AUTOIONIZATION TPE spectra are usually more structured than the corresponding PES for the same energy band pass, they present also many more lines. This phenomenon has been early recognized as due to autoionization. 7 Figure 2 shows the two first bands of the HC1 TPES and the corresponding PIE obtained with an 0.02 nm photon band-width, 1 V/cm DC acceleration field and an electron time of flight gate of 5 ns width. The TPES is quite different from the PES of Natalis et al. 9 which was obtained at about the same overall resolution:
1) The X 21-13/2 band is about twice as intense as the 2I-I1/: although the two states present the same degeneracy and have the same intensity in the PES.
2) The peaks are structured and some of this structure is also found in the PIE spectrum.
3) The 21-I3/a peak is broader and tails at lower photon energy.
Such differences are common for most TPES and are understood as follows: Each rovibronic state of the ion excited within the photon energy bandpass is a limit of Rydberg series. A number of these bound levels as well as continuum levels above the limits are excited. The latter contribute to the direct ionization channel whereas the former have two different contributions. The highest n levels lying within Figure 1 . A free expansion jet was adapted to cool the molecules. Photoelectron peaks separated by about 5 meV at energies as low as 10 meV were for the first time resolved. branching ratio with excitation energy is dramatic and clearly indicates a strong correlation between f2 and if2 +, the projections of the total angular momentum on the molecular axis. We do not consider the molecular rotation which can be neglected since the rotational spacing is much less than the fine structure level separation. The 6 in Orsay shown in Figure 6 contributed to a more complete explanation.
The flat top peak for (2, 0, 0) level shows that the kinetic energy released is distributed among vibrational energy and not rotational energy and that the distribution is isotropic which is likely for a slow predissociation. Then for a fast dissociation i.e. <10 ns the peak shape for each vibrational energy of the fragment The predissociation of A 22+ is indirect and involves a transition to the intermediate 41-I state near the crossing nl; this state is in turn predissociated swiftly near the crossing n2 by the 42-repulsive state. The dynamical model proposed by gives the basis of a qualitative interpretation of the vibrational population inversion: if we describe the potentials as quasi-diatomic as shown in Figure 5 , a transition at the crossing nl will 
